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previous ed published as measurement of crystal growth rates germany european federation of chemical engineering working party on crystallization

1990

part of a three volume comprehensive work of reference on crystal growth this volume addresses the principle techniques used for bulk single crystal

growth and the basic mechanisms and dynamics of melt and solution growth

the intrinsic properties of a solid i e the properties that result from its specific structure can be largely modified by crystallographic and chem ical

defects the formation of these defects is governed by the heat and mass transfer conditions which prevail on and near a crystal nutrient in terface
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during crystallization hence both the growth of highly perfect crystals and the preparation of samples having predetermined defect induced extrinsic

properties require a thorough understanding of the reaction and transport mechanisms that govern crystallization from vapors solutions and melts

crystal growth as a science is therefore mostly concerned with the chemistry and physics of heat and mass transport in these fluid solid phase

transitions solid solid transitions are at this time not widely employed for high quality single crystal production transport concepts are largely built

upon equilibrium considerations i e on thermodynamic and phase equilibrium concepts hence to supply a workable foundation for the succeeding

discussions this text begins in chapter 2 with a concise treatment of thermodynamics which emphasizes applications to mate rials preparation after

working through this chapter the reader should feel at ease with often particularly among physicists unfamiliar entities such as chemical potentials

fugacities activities etc special sections on ther mochemical calculations and their pitfalls and compilations of thermochemi cal data conclude the

second chapter crystal growth can be called in a wide sense the science and technology of controlling phase transitions that lead to single crystalline

solids

the book contains 5 chapters with 19 contributions form internationally well acknowledged experts in various fields of crystal growth the topics are

ranging from fundamentals thermodynamic of epitaxy growth kinetics morphology modeling to new crystal materials carbon nanocrystals and

nanotubes biological crystals to technology silicon czochralski growth oxide growth iii iv epitaxy and characterization point defects x ray imaging in

situ stm it covers the treatment of bulk growth as well as epitaxy by anorganic and organic materials

there is no question that the field of solid state electronics which essentially began with work at bell laboratories just after world war ii has had a

profound impact on today s society what is not nearly so widely known is that advances in the art and science of crystal growth underpin this

technology single crystals once valued only for their beauty are now found in one form or another in most electronic optoelectronic and numerous

optical devices these devices in turn have permeated almost every home and village throughout the world in fact it is hard to imagine what our

electronics industry much less our entire civilization would have been like if crystal growth scientists and engineers were unable to produce the large

defect free crystals required by device designers this book brings together two sets of related articles describing advances made in crystal growth

science and technology since world war ii one set is from the proceedings of a symposium held in august 2002 to celebrate 50 years of progress in

the field of crystal growth the second contains articles previously published in the newsletter of the american association for crystal growth in a series

called milestones in crystal growth the first section of this book contains several articles which describe some of the early history of crystal growth

prior to the electronics revolution and upon which modern crystal growth science and technology is based this is followed by a special article by prof

sunagawa which provides some insight into how the successful japanese crystal growth industry developed the next section deals with crystal growth

fundamentals including concepts of solute distribution interface kinetics constitutional supercooling morphological stability and the growth of dendrites

the following section describes the growth of crystals from melts and solutions while the final part involves thin film growth by mbe and omvpe these
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articles were written by some of the most famous theorists and crystal growers working in the field they will provide future research workers with

valuable insight into how these pioneering discoveries were made and show how their own research and future devices will be based upon these

developments articles written by some of the most famous theorists and crystal growers working in the field valuable insight into how pioneering

discoveries were made show how their own research and future devices will be based upon these developments

this tenth volume completes the first series of growth of crystals which began in 1957 the sources of the volumes are as follows for vol i the 1st all

union conference on crystal growth for vol 3 the 2nd and for vols 5 and 6 the 3rd vols 7 and 8 reported the international symposium on crystal

growth at the seventh international crystallography con gress and vol 9 the 1969 symposium on crystal growth dedicated to e s fedorov vols 2 4 and

10 did not originate in conferences the main problem that largely occupied the conferences and symposia and also the inter mediate volumes was that

of real crystal formation as well as the relation of crystal growth theory to practical crystal production this tenth volume which completes this first

series is to a considerable extent a survey it contains more extensive theoretical and experimental original papers as well as some shorter papers

dealing with particular but important aspects of real crystal formation the volume opens with a paper by v v voronkov which deals with the structure

of crystal surface in kossel s model the model as proposed by kossel is extremely simple it deals qualitatively with the basic trends in the growth of

an idealized crystal in its own va por at absolute zero and naturally does not allow one to perform quantitative studies on com plex real processes

first book ever printed on growing crystals in a gel medium provides thorough descriptions of the procedure its history and future potential concise

and readable science 42 illus 1970 edition

introduction to crystal growth principles and practice teaches readers about crystals and their origins it offers a historical perspective of the subject

and includes background information whenever possible the first section of this introductory book takes readers through the historical development

and motivation of the field of crystal growth

the present volume continues the tradition of the preceding volumes covering a wide range of crystal growth problems and treating aspects of critical

importance for crystalliza tion changes in this field of knowledge have however changed the criteria for selection of papers for inclusion in this series

the increasing role of crystals in science and technology is even more apparent today the study and utilization of these highly perfect objects of nature

considerably facilitates progress in the physics and chemistry of solids quantum electronics optics microelectron ics and other sciences the demand for

crystals and crystal devices has grown steadily and has led to the emergence and rapid growth of the single crystal industry we can safely saythat the

state ofthe art in this industry is indicative ofthe overall scientific and technolo cal potential of a country at the same time the introduction of

crystallization techniques into other industries is gaining ever increasing importance to illustrate this last state ment we can mention the fabrication of
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textured structural materials and direct methods of metal reduction in ores by using chemical vapor transport techniques crystallization tech ll niques

progress both in width and in depth traditional methods are modernized and novel techniques appear some of them at the junction of the already

existing technologies for example flux growth of crystals growth from vapor with participation of the liquid phase etc

the present volume continues the tradition of previous issues in covering all the main divisions in the science of crystal growth growth from vapor

solution and melt at the same time it reflects the recent tendency to more detailed research on solid state crystal lization in compiling the collection

preference has been given to papers that not only present novel scientific results but also contain surveys of the published data although certain of the

papers are purely original ones and some are purely of review character the need for these surveys is dictated by at least two circumstances first there

is an ongoing expan sion of specialized publications on crystal growth and correspondingly there is an increase in the volume of the publications

requiring review second rapid advances in crystal mak ing for various purposes particularly microelectronics and quantum electronics have meant that

many important facts and observations on crystal formation are dispersed in numerous unspecialized publications and thus in part are lost to

fundamental science

this volume as the previous ones consists primarily of review artic1es however it also contains a large quantity of original material on the growth of

crystals and films priority is given to experimental work only two artic1es are concerned exc1usively with the theory of crystal growth theoretical

aspects are treated in several others this volume is divided into three parts part i epitaxy and transformations in thin films stems from the current

broad application of lasers and optical effects in general to crystal growth in particular the growth of thin films the first three artic1es of the book are

devoted to this topic in particular the laser pulse vaporization method for which a comparatively slow deposition rate is typical which should not

always be viewed as a drawback is distinguished by the unique kinetics of the initial growth stages these are not entirely explained however this

method is completely suitable for oriented or generally ordered growth of films under otherwise equal conditions another artic1e of this section is

based on use of ultrashort down to picosecond laser pulses it emphasizes the nonequilibrium processes of crystallization and decrystallization that are

characteristic for such influences in particular material heated above its melting point and metastable states in the semiconductor melt exhibit these

qualities

the intrinsic properties of a solid i e the properties that result from its specific structure can be largely modified by crystallographic and chem ical

defects the formation of these defects is governed by the heat and mass transfer conditions which prevail on and near a crystal nutrient in terface

during crystallization hence both the growth of highly perfect crystals and the preparation of samples having predetermined defect induced extrinsic

properties require a thorough understanding of the reaction and transport mechanisms that govern crystallization from vapors solutions and melts

crystal growth as a science is therefore mostly concerned with the chemistry and physics of heat and mass transport in these fluid solid phase
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transitions solid solid transitions are at this time not widely employed for high quality single crystal production transport concepts are largely built

upon equilibrium considerations i e on thermodynamic and phase equilibrium concepts hence to supply a workable foundation for the succeeding

discussions this text begins in chapter 2 with a concise treatment of thermodynamics which emphasizes applications to mate rials preparation after

working through this chapter the reader should feel at ease with often particularly among physicists unfamiliar entities such as chemical potentials

fugacities activities etc special sections on ther mochemical calculations and their pitfalls and compilations of thermochemi cal data conclude the

second chapter crystal growth can be called in a wide sense the science and technology of controlling phase transitions that lead to single crystalline

solids

crystal growth second edition deals with crystal growth methods and the relationships between them the chemical physics of crystal growth is

discussed along with solid growth techniques such as annealing sintering and hot pressing melt growth techniques such as normal freezing cooled seed

method crystal pulling and zone melting solution growth methods and vapor phase growth this book is comprised of 15 chapters and opens with a

bibliography of books and source material highlighted by a classification of crystal growth techniques the following chapters focus on the molecular

state of a crystal when in equilibrium with respect to growth or dissolution the fundamentals of classical and modern hydrodynamics as applied to

crystal growth processes creation control and measurement of the environment in which a crystal with desired properties can grow and growth

processes where transport occurs through the vapor phase the reader is also introduced to crystal growth with molecular beam epitaxy crystal pulling

as a crystal growth method and zone refining and its applications this monograph will be of interest to physicists and crystallographers

1 the ninth international summer school on crystal growth isscg ix a complete theory of crystal growth establishes the full dependence of crystal size

shape and structure on external parameters like temperature pressure composition purity growth rate and stirring of the mother phase implicitly

establishing how the corresponding fields vary in space and time such a theory does not exist however therefore equipment to grow crystals is

developed on the basis of partial knowledge skill experience and creativity still are of central importance for the success o a crystal growth system in

this book we collected contributions from the teachers of the ninth international summer school on crystal growth isscg ix held 11 16 june 1995 at

papendal the national sports centre of the netherlands these contributions were used during the lectures the authors have tried to present their work

in such a way that only basic physical knowledge is required to understand the papers the book can be used as an introduction to various important

sub disciplines of the science and technology of crystal growth since however the information content considerably exceeds a lecture note level and

touches the present limits of understanding it is an up to date handbook as well

the monograph shaped crystal growth by v a tatarchenko is the first systematic of the macroscopic crystallization theory the theory is based on the

stable statement growth conception which means that self stabilization is present in the system with growth parameter deviations occurring under the
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action of external perturbations attenuating with time the crystallization rate is one of the parameters responsible for crystal defect formation steady

state crystal growth means that crystallization rate internal stabilization is present thus allowing more perfect crystals to grow most important is the

fact that the crystal shape an easily observed parameter is one of the stable growth characteristics when growing crystals without any contact with the

crucible walls this means that constant cross section crystal growth is to a certain extent evidence of crystallization process stability the principles of

the stable crystal growth theory were developed by the author of the monograph in the early 1970s due to the efforts over the past 20 years of v a

tatarchenko his disciples v a borodin s k brantov e a brener g i romanova g a satunkin et al and his followers b l timan 0 v kolotiy et al the theory

has been completed which is demonstrated by this monograph the characteristic feature of the theory is its trend towards solving practical problems

that occur in the process of crystal growth

the molecular mechanisms underlying the fact that a crystal can take a variety of external forms is something we have come to understand only in the

last few decades this is due to recent developments in theoretical and experimental investigations of crystal growth mechanisms morphology of crystals

is divided into three separately available volumes part a contains chapters on roughening transition equilibrium form step pattern theory modern pbc

and surface microtopography this part provides essentially theoretical treatments of the problem particularly the solid liquid interface part b contains

chapters on ultra fine particles minerals transition from polyhedral to dendrite theory of dendrite and snow crystals all chapters are written by world

leaders in their respective areas and some can be seen as representing the essence of a life s work this is the first english language work which covers

all aspects of the morphology of crystals a topic which has attracted top scientific minds for centuries as such it is indispensable for anyone seeking an

answer to a question relating to this fascinating problem mineralogists petrologists crystallographers materials scientists workers in solid state physics

and chemistry etc in parts a fundamentals and b fine particles minerals and snow equilibrium and kinetic properties of crystals are generally

approached from an atomistic point of view in contrast part c the geometry of crystal growth follows the alternative and complementary geometrical

description where bulk phases are considered as continuous media and their interfaces as mathematical surfaces with orientation dependent properties

equations of motion for a crystal surface are expressed in terms of vector and tensor operators working on surface free energy and growth rate both

expressed as functions of surface orientation and driving force or affinity for growth this approach emphasizes the interrelation between equilibrium

and kinetic behavior part 1 establishes the theoretical framework part 2 gives a construction toolbox for explicit analytic functions an extra chapter is

devoted to experimental techniques for measuring such functions a new approach to sphere growth experiments the emphasis throughout is on

principles and new concepts audience advanced readers familiar with traditional aspects of crystal growth theory can be used as the basis for an

advanced course provided supplementation is provided in the areas of atomistic models of the advancing surface diffusion fields etc
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